The Polish Secondary Standard Dosimetry Laboratory is part of the IAEA/WHO network of such laboratories. The SSDLs are usually not equipped with accelerators generating high energy electron beams for calibration of dosimeters. The access to medical accelerators is seriously limited due to the heavy patient load. Therefore attempts are made to use Co-60 beams for calibration of plane parallel chambers and calculate the calibration coefficients for other radiation quality, the high energy electron beam.
Introduction
The dose determination at radiotherapy departments has to be carried out with a radiotherapy field dosimeters with ionization chambers which have calibration certificate traceable to a secondary or primary reference dosimeter.
In Poland, the calibration of field dosimeters is carried out at the Secondary Standard Dosimetry Laboratory (SSDL) which is a part of he Medical Physics Dosimetry Laboratories (SSDLs). As a result of that the Polish SSDL has the right to calibrate its dosimeters, used as secondary standards, at the IAEA dosimetry laboratory in Seilbersdorf (Austria).
In dosimetry of electron beams the plane-parallel ionization chambers have been recommended since mid-ninetieths [1, 2] . They are also recommended for measurements of percentage depth doses for photon beams because of their good spatial resolution in the direction of the chamber axis and their small active volume as compared with cylindrical ionisation chambers. For the majority of users plane-parallel chambers are the only means for measurements of depth doses in the build-up region.
The cylindrical chambers are no good for these kind of measurements because they tend to overestimate the measured doses [3] . A device recommended for this kind of measurements is an extrapolation chamber, but it is in most cases not available for the radiotherapy department. In the build-up region there is no electron equilibrium, the extent of it is depending on construction parameters of the collimating system of a particular accelerator. The plane-parallel chambers, because of the additional electrode, (guard ring), are more effective in reducing the perturbation effects. 164 Wojciech Bulski et al. In Poland, the Markus type plane-parallel chambers are most popular. It is due to the fact that radiotherapy centres are mostly equipped with the therapeutic beams analysers "Mephisto" from PTW, which provide Markus chambers. As a result these chambers, or their substitutes, acquired in later years (PPC05 chambers), became most commonly used in Poland.
The calibration of plane-parallel chambers are recommended to be done in water, in an electron beam of maximum energy available, usually about 20 MeV, against a cylindrical chamber calibrated in a Co-60 photon beam -so called cross-calibration [7] . The calibration in a high energy electron beam guarantees that the perturbation factor of the reference cylindrical chamber is close to unity, and the same factor for the plane-parallel chamber is practically equal 1. However, calibration of the chambers in high electron beams of a linear accelerator, used in clinical irradiations, is a source of organizational problems. The accelerators are available for calibration only during the weekends.
Therefore, a study of calibrating the plane-parallel chambers Markus type in water, in a Co-60 beam, and recalculation of the calibration factor for different beam qualityelectron beam of a given energy, were undertaken. Calibration coefficients determined both in high energy electron beams and in Co-60 photon beams have been compared.
At the initial stage of this study a long term stability of plane-parallel chambers' calibration coefficients have been examined.
Material
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Control measurements
Before the actual calibration, the following parameters were measured: (a) dark current containing Sr-90, of 11.1 MBq (0.3 mCi) activity was used for sensitivity measurements of plane parallel chambers. In the calibration protocol issued by the Polish SSDL, a regular check of the sensitivity of the chambers in the Sr-90 control source, or in he Co-60 beam, or in an electron beam is suggested to the users [8] .
The non-linearity of the indications was checked by connecting the dosimeter to the calibrator/source type 263 from Keithley Instruments Inc. The non-linearity correction Analysis of Calibration Coefficients… 167 factors -k z , valid for all chambers used with a given electrometer, were determined within the range of electrometer indications of 1.00-100.00 nC, and were referred to the indication of 5.00 nC, for which the correction factor was set to k z = 1.
Calibration in the electron beam
The The measurement conditions as of IAEA TRS 398 were adopted [7] . Two water The calibration was carried out using the substitution method. During the calibration, the following correction factors were established: recombination factor ks and polarization factor k p , for the reference chamber and for the calibrated plane-parallel chamber. The recombination correction factor was worked out using the two voltage method, for plane-parallel chamber voltage of +300 V and +100 V [9] . k Q,Qcross -correction factor depending on the type of the chamber taking into account the difference between the beam quality of the user's beam and the beam used for the calibration.
Calibration in the Co-60 beam
The calibration was carried out in a Co-60 beam of the unit installed at the SSDL in Warsaw. A Theratron 780/403 Co-60 unit with a source of 155700 GBq (4208 Ci) activity as of January 2006 was used. The same reference dosimeter as for the electron beam was used.
Dedicated computer systems were designed and installed at the calibration stand for dosimeter control and gathering the calibration data. The system made possible controlling the reference Keithley 6517-A electrometer and user's Unidos dosimeter form PTW, widely used in Poland.
The measurement conditions as of IAEA TRS 398 were adopted [7] . The calibrated plane-parallel chamber and reference cylindrical chamber were placed sequentially in a water phantom from PTW type 4322. The distance between the source and the chamber's reference points was 80 cm; the field size at this distance was 10 cm´10 cm. The value of the absorbed dose in water for a given beam quality different form this used during the calibration, the user may calculate using the formula:
where:
-the reading of the calibrated dosimeter, corrected for influence quantities; N D,w,Qo [cGy/nC] -the calibration coefficient provided in the calibration protocol of the SSDL, for calibration in water for the plane-parallel chamber, for beam quality Q 0 ; in this case Q 0 corresponds to the Co-60 beam. k Q,Qo -correction factor depending on the type of the chamber taking into account the difference between the beam quality of the user's beam and the beam used for the calibration; in this case Q 0 corresponds to the Co-60 beam [7] .
Evaluation of the long-term stability of calibration coefficients
For the evaluation of the long-term stability of the calibration coefficients an electron beam was used. The measurement system followed the IAEA TRS 277 [10] . The measurements were carried out in a plastic slab phantom (PMMA) from PTW, in the substitution mode. 
where: N D -calibration coefficients from subsequent calibrations of a particular chamber; N av D -average value of calibration coefficients from subsequent calibrations of a given chamber. 
Results and discussion
The In Figure 2 the histograms of both coefficients are presented. These histograms confirm the agreement between the both coefficients. The shape of the histograms, not following the normal distribution, suggests the manufacturing differences between particular chambers.
In Table 1 are presented. They are in the range of ±0.3% do +0.5%, the mean value being 0.1%. In Table 2 , the results of long term stability of calibration coefficients of a chamber 2. The agreement of calibration coefficients in water is within the measurement accuracy limits generated in the case of calibration methods in electron and Co-60 beams, cited in calibration certificates. The value of this accuracy is in accordance with the IAEA Report TRS 398.
3. On the basis of the calibration measurements over a long period of time, and multiple cases of establishing calibration coefficients for particular chambers of Markus type, a very good long-term stability has been stated.
